ABSTRACT. In this paper the incremental harmonic balance method is used to calculate periodic vibrations of nonlinear autonomous multip-degree-of-freedom systems. According to Floquet theory, the stability of a periodic solution is checked by evaluating the eigenvalues of the monodromy matrix. Using the programme MAPLE, the authors have studied the periodic vibrations of t he system multi-degree van der Pol form.
Introduction
Periodic solutions play a very important role in study of nonlinear dynamic systems. Perturbation techniques have been employed in classical nonlinear analysis [1] , [2] . However , these perturbation techniques are restricted to solve weakly nonlinear problems only. It is still unknown whether the nonlinearity is weak enough for which the techniques can be applied adequately. The numerical integration (NI) method can treat strongly nonlinear problems very well. However, for the cases of systems with low damping , the convergence rate of getting a steady-state solution will be extremely slow. For complicated problems , periodic solutions of nonlinear system can't be sought by NI method if suitable initial conditions are unknown. It is also known that the harmonic balance (HB) method can be used in nonlinear dynamic analysis. When a high accuracy is desired, the calculation is difficult. In comparison, the incremental harmonic balance (IHB) method can give accurate results and without difficulty in increasing the accuracy of the results [4, 5, 6, 7, 8] . In this paper t he incremental harmonic balance (IHB) method is applied to calculate periodic solution of multi-degree-of-freedom nonlinear autonomous systems. There are two main advantages of the proposed method. Firstly, it is not subjected to limitations of small exciting parameters and weak nonlinearity. Secondly, it is particularly simple and economical for computer implementation because only linear algebraic equations have to be formed and solved in each incremental step.
Let us consider a nonlinear autonomous system, which is derived by the differential equations
where A is a parameter. It is useful to change the time scale by introducing the '' dimensionless time" defined by the relations Neglect ing all nonlinear t erms of sm all incr em ents yields t he increm ental equations Ao.6.x" + Bo.6.x' + Co.6.x = -fo -Po.6.w -qo.6..A, 
The loop is continued until ll 6all < E , where E is a small positive error chosen. We now consider the stability of periodic solutions of the autonomous system f (::i:c", x' , x , X) = 0, where 
Numerical example
Study problems of biped robots derived to the syst ems of differential equation of van der Pol form 
For the parameters wi = 1, w2 = 1.1 , hi = 25 , h2 = 25 , ci = 4, c2 = 4, a = 2, now we look for periodic solutions of the systems (3 ,4) , (3 .5) t hat depend on varying of .\ . It is clear that the larger .A is, the stronger nonlinearity of the system is. When .A is small enough, the nonlinerity of the system is weak. Computer simulations show that the system has p eriodic solut ions for ,\ > 0.01 8 only.
We now apply IHB method to look for periodic solutions of the system in some t ypical cases . By introducing t he " dimensionless time" T = wt , (3.4) , (3.5) have the form
In this case n = 2 because of symmetry of t he syst em we consider a solution as folows:
where 10-10 and t he periodic solut ion is found . For ,\ = 0.01 6 t he p eriodic solution is shown in Fig. 1 . This solution is unstable . The computated result by I method is shown in Fig. 2 . For ,\ = 0.02 t he stable periodic solut ion with w = 1.03188098312 is found and shown in F ig. 3. The computated result by NI method is shown in Fig. 4 . For larger values of ,\ , t he nonlinearity of t he syst em is stronger , but can be found periodic ·solutions. Fig. 5 shows t he periodic solution with w = 0.560675242144 for ,\ = 1.0, and the computated results by using NI met hod are presented in Fig. 6 . We now apply numerical calculation of Floquet multiplier to study st ability of the periodic solutions [3, 10] which are found by IHB method . The Floquet mult ipliers of monodromy m atrix <I> associated with t he periodic solut ions are shown in Table 1 
Canel us ion
The incremental harmonic balance method presented by Lau (1983) and Pierre (1985) has been successfully applied to the investigation of periodic solutions of multi-degree-offreedom nonlinear autonomous systems.
In the present paper the authors have studied in some detail periodic solut ions of the motion equations in a kind of biped robots. Both stable and unstable periodic solutions are found by IHB metho d for some values of parameter >..
